Streptococcus pyogenes is a natural pathogen only for human beings. Its surface is composed of tiny hairy projections by which the organism adheres to human tissues. In virulent strains, these structures are heavily coated by the remarkably heterogeneous and immunologically specific M protein [l] , of which >90 serotypes have so far been identified. When hlly virulent, each chain is surrounded by a capsule of hyaluronic acid responsible for the appearance of 'mucoid' colonies on blood agar. Purified streptococcal hyaluronate is chemically identical to that found in the human host and antibodies to it are difficult to raise.
M protein and capsule are both responsible for the striking resistance to phagocytosis of virulent strains. However, it is the anti-M immune response that confers solid and long-lasting immunity, but only to a single serotype. Both virulence factors are rapidly lost during convalescence from acute pharyngitis, or when grown in artificial media. However, strain virulence may be maintained by frequent intraperitoneal mouse passage or frequent transfer through fresh human blood. On blood agar, capsulate variants form large mucoid colonies resembling a drop of oil, whereas loss of the capsule results in colonies that are opaque and 'pearly' in appearance. Considering the potential significance of this observation, it is surprising how rarely clinical microbiology laboratories recognise and report the presence of mucoid colonies on throat cultures. Their appearance in military cohorts under prospective surveillance often presages severe epidemics of streptococcal pharyngitis and rheumatic fever (RF) [2, 3] . Strains lacking both virulence properties are no more harmful than commensals, and once strains have dissociated, virulence is not recoverable in vitru.
Pharyngeal carriage may persist stubbornly during convalescence, and these strains, devoid of M protein and capsules, may retain major adherence ligands, such as lipoteichoic acid. Thus, the human throat is readily colonised by strains of low or no virulence, often causing false positive throat cultures in patients with sore throats due to viruses. Confirmation of the diagnosis of streptococcal pharyngitis therefore requires evidence of a significant rise in streptococcal antibody titres (e.g., antistreptolysin 0). In practice, it is the predictive power of a negative throat culture to exclude group A streptococcal infection that best supports a decision to forego antibiotic therapy in acute pharyngitis [4] .
The World War 11 epidemics of RF that occurred among military recruits assembled from many parts of the USA were caused by strains of S. pyogenes belonging to several prevalent M serotypes. These epidemic strains were capsulate, M-protein-rich variants that spread rapidly among close-living recruits. Infections with several M serotypes were associated with a strikingly similar RF attack rate of c. 3% in the untreated individuals who participated in the classic controlled studies of the penicillin regimens that prevented RF [ 5 ] .
Subsequently it became clear that streptococcal sore throats in some civilian settings were associated with little or no RF. Such low frequencies occurred despite the usual high prevalence of streptococcal pharyngitis in school children and failure to use the rigorous penicillin regimens required for effective RF prevention. It was suggested that rheumatogenic strains had been driven out of military bases and civilian communities by improved diagnosis, enthusiastic (and undiscriminating) antibiotic treatment of all upper respiratory infections and improved living conditions [2, 61. Only a limited number of M serotypes had been associated with epidemic RF, and mucoid group A streptococci belonging to these M types seemed to have disappeared [3, 7] .
The argument for qualitative differences between rheumatogenic and non-rheumatogenic strains was supported by studies of epidemics of impetigo caused by so-called 'skin strains' [8, 91. These belonged to M and T serotypes other than those associated with RF and infection or carriage did not result in RF. In communities in the southern USA, RF was very rare in summer despite prevalent impetigo [lo] . Moreover, some impetigo strains also caused acute glomerulonephritis (AGN). In fact, rheumatogenic throat strains do not cause concurrent epidemics of RF and AGN and these post-streptococcal complications are hardly ever observed in the same individual at the same time. Although AGN may be caused by either skin or throat strains, RF occurs only after pharyngeal infection by certain virulent strains. However, strain variation occurs within a given M serotype [Ill, so that M serotype alone does not necessarily imply rheumatogenicity.
In the 1970s, the virtual disappearance of acute and recurrent RF in the developed countries of the world made it difficult to identify rheumatogenic strains 12, 131. There was no significant decrease in the prevalence of endemic streptococcal sore throat in the school children of these countries [14] , but the M serotypes most commonly associated with RF virtually disappeared [15] . In the 1980s there was a resurgence of RF in some military and civilian communities of the USA, associated with mucoid strains belonging to the notorious M serotypes of former RF epidemics. 'They appeared to be well disseminated among cohorts of RF subjects [16] .
By the 1980s, the primary molecular structure of M protein was determined and its type-specific antigen shown to reside in its small terminal N-acetyl peptide 1371. Strains of S. pyogenes associated with toxic shock and necrotising fasciitis reappeared in the USA in the mid1980s and have spread throughout the world [23] . At the same time, RF began to decline again, so that the prevalence of the two diseases does not appear to be epidemiologically congruent [24] . Over half the toxic strains isolated from invasive infections, belong to M1 or M3 serotypes. They often produce one of the scarlet fever-associated streptococcal pyrogenic exotoxins, SPE A, which has close molecular homology with the exotoxin of staphylococcal toxic shock, enterotoxin B [25] . These pyrogenic exotoxins, like proximal parts of the M protein molecule, are superantigens, compounds that activate T-lymphocyte receptors non-specifically and act as powerful immunological adjuvants [26, 27] .
The clonal nature of invasive streptococcal infections is further illustrated by a recent survey of M1 strains from 13 countries on five continents. Although these strains showed substantial genetic diversity, most invasive infections were caused by two subclones [24] . One such strain which has been isolated worldwide has the speA gene. However, in a recent report from Japan, although M1 and M3 serotypes accounted for more than half of the invasive strains studied, they did not contain the SPE A toxin [28] . Apparently other exotoxins remain to be identified, if these are indeed responsible for the toxic shock syndrome. In Minneapolis, Minnesota, an outbreak of invasive 5'.
pyogenes infections was due to the spread of a single clone identified as such by sequencing the genes of its M protein (emm) and its pyrogenic toxin [29] .
Although the specific pathogenic substance( s) and host factors causing RF are still unknown, the importance of specific anti-M immunity is clear. The type-specific epitope contained in the N-acetyl amino terminus of purified M protein can now be completely separated from the molecular moieties cross-reacting with host tissues, making possible the development of vaccines free of such possibly dangerous antigens. Recently, Dale and his colleagues [30] have constructed recombinant multivalent M protein vaccines that evoke, in rabbits, bactericidal antibodies against all the serotypes represented. Most important, these antibodies do not cross-react with human tissues.
Such a vaccine for human use is under trial (J. Dale, personal communication 
